ABSTRACT: Grossly visible lesions of the ctenidia and occasional mortalities in Japanese oyster Crassostrea gigas from the Atlantic French coast were reported in
INTRODUCTION
Japanese oyster Crassostrea giyas collected from the French Atlantic coast in 1992-1993, associated with Various rickettsia1 and chlamydial agents occur in the detection of a chlamydia-like organism in connecmany species of bivalve molluscs (Comps et al. 1977a, b, tive tissues of ctenidia and mantle. , Comps & Deltreil 1979 , Elston 1986 Angulo Source of specimens. Cultured Japanese oysters 1991, Fries et al. 1991 . Although
MATERIALS AND METHODS
Crassostrea gigas were collected and examined from these procaryotic organisms parasitize many different August 1992 to March 1993 at 4 locations (Ronce les species of bivalve molluscs, only a few are described Bains, Bourcefranc le Chapus, Fouras and Arcachon) as pathogens associated with lesions or mortalities of along the south Atlantic coast of France. A total of adult cultured bivalves (Buchanan 1978, Gulka et al. 235 adult oysters (1 to 3 yr old) was examined. Oysters 1983 , Elston 1986 from Brittany, Normandy and the Mediterranean Sea al. 1988, . In hatchery-reared larval were also analysed. and post-metamorphic Argopecten irradians, chlamyLight microscopy. After oysters were removed from diosis is apparently a n extremely lethal epizootic disthe shell, they were sagittally sectioned, then half was ease, but it is enzootic in adults (Leibovitz 1989) .
placed in Davidson's fixative, and the other half in The present study reports, for the first time, macroCarson's fixative. Samples fixed in Davidson's fluid scopic ctenidia lesions and occasional mortalities of the were dehydrated using a n ascending ethanol series, cleared in xylene and infiltrated with paraffin. They were then embedded in paraffin, sectioned at 3 or 4 pm thickness, stained with hematoxylin and eosin and Chlamydia-like organisms in ctenidia and mantle cells of the Japanese oyster Crassostrea yiyas from the French Atlantic coast T. Renault-, N. Cochennec
INTRODUCTION
Various rickettsial and chlamydial agents occur in many species of bivalve molluscs , b, Harshbarger et al. 1977 , Comps & Deltreil 1979 , Elston 1986 , Fries et al. 1991 . Although these procaryotic organisms parasitize many different species of bivalve molluscs, only a few are described as pathogens associated with lesions or mortalities of adult cultured bivalves , Elston 1986 . In hatchery-reared larval and post-metamorphic Argopecten irradians, chlamydiosis is apparently an extremely lethal epizootic disease, but it is enzootie in adults (Leibovitz 1989) .
The present study reports, for the first time, macroscopie ctenidia lesions and occasional mortalities of the 
MATE RIALS AND METHODS
Source of specimens. Cultured Japanese oysters Crassostrea gigas were collected and examined from August 1992 to March 1993 at 4 locations (Ronce les Bains, Bourcefranc le Chapus, Fouras and Arcachon) along the south Atlantic coast of France. A total of 235 adult oysters (1 to 3 yr old) was examined. üysters from Brittany, Normandy and the Mediterranean Sea were also analysed.
Light microscopy. After oysters were removed from the shell, they were sagittally sectioned, then haU was placed in Davidson's fixative, and the other haU in Carson's fixative. Samples fixed in Davidson's fluid were dehydrated using an ascending ethanol series, cleared in xylene and infiltrated with paraffin. They were then embedded in paraffin, sectioned at 3 or 4 pm thickness, stained with hematoxylin and eosin and carefully checked for lesions. Macchiavello's method for microorganisms belonging to the genus Rickettsia (Culling 1974) , the acridine orange stain for psittacosis agent ) and the nucleal Feulgen and Rossenbeck reaction for DNA detection were also used on selected slides. Samples placed in Carson's fixative were held for electron microscopy.
Electron microscopy. Ctenidia and mantle tissues were collected from live oysters or from those previously placed in Carson's fixative, then fixed in 2.5% glutaraldehyde in 0.2 M cacodylate buffer at a pH of 7.4 and post-fixed in 1 % osmium tetroxide in the same buffer for 1 h at 4°C. After dehydration by means of an ascending ethanol series, specimens were cleared in propylene oxide and embedded in Epon resin. Semithin sections for light microscopy were stained in 0.5 % toluidine blue in 1 % sodium borate solution. Ultrathin sections were collected on uncoated copper grids, double stained with uranyl acetate and lead citrate, and observed in a JEOL JEM 1200 EX transmission electron microscope at 60 kV.
Indirect immunofluorescence and immunoperoxidase. Five pretitered anti-Chlamydiapsittaci, strain ovis monoclonal antibodies and sheep anti-chlamydial serum (kindly provided by Dr A. Rodolakis, Institut National de la Recherche Agronomique, Laboratoire de Pathologie Infectieuse et Immunologie, Nouzilly, France), having a complement fixation titer of 1:2000 against C, psittaci, strain ovis, which causes sheep abortions, were used for indirect testing with pretitered, fluorescein isothiocyanate or peroxidase conjugated goat anti-mouse (Institut Pasteur) and donkey anti-sheep immunoglobulins (Sigma). Tissue sections from samples fixed in Carson's and Davidson's fixatives were cut at 3 or 4 pm thickness. After dewaxing and hydration, they were overlaid with a solution of 3 % (w/v) powdered milk in phosphate-buffered saline (PBS, pH 7.4) for 30 min, to block nonspecific binding sites. After this was performed with a methanol bath supplemented with 0.3 % hydrogen peroxide for 30 min.
The specificity of indirect tests was monitored by processing known Chlamydia psittaci, strain ovis positive controls in parallel with the oyster sections. These controls were performed on McCoy cell cultures infected by C. psittaci, strain ovis and fixed in acetone. Uninfected cell cultures were also included as negative controls. Sections of uninfected Japanese oysters originating from Brittany (Etel), Normandy (Gouville) and the Mediterranean Sea (Etang de Thau) and healthy European flat oysters Ostreae edulis from Brittany (La Trinite) were used as negative controls.
An antibody negative control consisting of antiBonamia ostreae monoclonal antibodies was tested on infected Japanese oysters sections.
RESULTS

Gross appearance and prevalence of ctenidia lesions
Ctenidia lesions appeared as indentations in lamellae (Fig. 1) . Most affected oysters showed one to several indentations. When the infection was heavy, the whole lamella was affected and very reduced in size.
We only recorded mortality levels (30 %) for 2 yr old Japanese oysters originating from Ronce les Bains, collected in August 1992 and December 1993.
Histopathology of ctenidia and mantle lesions
Paraffin sections of affected oysters stained with hematoxylin and eosin showed irregular cytoplasmic inclusion bodies in connective tissue cells of ctenidia and mantle (Fig. 2) . These inclusions were very basophilic and first step, the histological slides were againoverlaid with monoclonal antibodies or antichlamydial serum diluted from 1: 100 to 1 : 10 000 in PBS with supplemented 0.5 % milk powder. After a 45 min incubation at 37°C in a moist chamber, tissue sections were washed with PBS and then overlaid with fluorescein isothiocyanate or peroxidase conjugated goat anti-mouse or donkey anti-sheep diluted in PBS supplemented with 0.01 % Evans blue for indirect immunofluorescence. Slides were again incubated in a moist chamber for 1 h and then washed in the same buffer. They were examined for light green fluorescent or brown-stained intracellular procar~otic agents. For the ~eroxidase assays, an carefully checked for lesions. Macchiavello's method for microorganisms belonging to the genus Rickettsia (Culling 1974) , the acridine orange stain for psittacosis agent ) and the nucleal Feulgen and Rossenbeck reaction for DNA detection were also used on selected slides. Samples placed in Carson's fixative were held for electron microscopy.
Electron microscopy. Ctenidia and mantle tissues were collected from live oysters or from those previously placed in Carson's fixative, then fixed in 2.5 % glutaraldehyde in 0.2 M cacodylate buffer at a pH of 7.4 and post-fixed in 1 % osmium tetroxide in the same buffer for 1 h at 4°C. After dehydration by means of an ascending ethanol series, specimens were cleared in propylene oxide and embedded in Epon resin. Semithin sections for light microscopy were stained in 0.5 % toluidine blue in 1 % sodium borate solution. Ultrathin sections were collected on uncoated copper grids, double stained with uranyl acetate and lead citrate, and observed in a JEOL JEM 1200 EX transmission electron microscope at 60 kV.
Indirect immunofluorescence and immunoperoxidase. Five pretitered anti-Chlamydia psittaci, strain avis monoclonal antibodies and sheep anti-chlamydial serum (kindly provided by Dr A. Rodolakis, Institut National de la Recherche Agronomique, Laboratoire de Pathologie Infectieuse et Immunologie, Nouzilly, France), having a complement fixation titer of 1:2000 against C. psittaci, strain avis, which causes sheep abortions, were used for indirect testing with pretitered, fluorescein isothiocyanate or peroxidase conjugated goat anti-mouse (Institut Pasteur) and donkey anti-sheep immunoglobulins (Sigma). Tissue sections from samples fixed in Carson's and Davidson's fixatives were eut at 3 or 4 ).lm thickness. After dewaxing and hydration, they were overlaid with a solution of 3 % (w/v) powdered milk in phosphate-buffered saline (PBS, pH 7.4) for 30 min, to block nonspecific binding sites. After this first step, the histological slides were againoveriaid with monoclonal antibodies or antichlamydial serum diluted from 1: 100 to 1: 10000 in PBS with supplemented 0.5 % milk powder. After a 45 min incubation at 37°C in a moist chamber, tissue sections were washed with PBS and then overlaid with fluorescein isothiocyanate or peroxidase conjugated goat anti-mouse or donkey anti-sheep diluted in PBS supplemented with 0.01 % Evans blue for indirect immunofluorescence. Slides were again incubated in a moist chamber for 1 h and then washed in the same buffer. They were examined for light green fluorescent or brown-stained intracellular procaryotic agents. For the peroxidase assays, an inhibition of endogenous peroxidase activities was performed with a methanol bath supplemented with 0.3 % hydrogen peroxide for 30 min.
The specificity of indirect tests was monitored by processing known Chlamydia psittaci, strain avis positive controls in parallel with the oyster sections. These con troIs were performed on McCoy cell cultures infected by C. psittaci, strain avis and fixed in acetone. Uninfected cell cultures were also included as negative con trois. Sections of uninfected Japanese oysters originating from Brittany (Etel), Normandy (Gouville) and the Mediterranean Sea (Etang de Thau) and healthy European flat oysters Ostreae edulis from Brittany (La Trinité) were used as negative controls.
An antibody negative control consisting of antiBanamia astreae monoclonal antibodies was tested on infected Japanese oysters sections.
RESULTS
Gross appearance and prevalence of ctenidia lesions
Ctenidia lesions appeared as indentations in lamellae ( Fig. 1 ). Most affected oysters showed one to several indentations. When the infection was heavy, the whole lamella was affected and very reduced in size.
Histopathology of ctenidia and mantle lesions
Paraffin sections of affected oysters stained with hematoxylin and eosin showed irregular cytoplasmic inclusion bodies in connective tissue cells of ctenidia and mantle (Fig. 2) . These inclusions were very basophilie and Hematoxylin and eosin. x800
varied in size and distribution, but were never very large. They did not stain positively with the modified Macchiavello's stain for rickettsias, but were Feulgen positive. No I-esult was obtained on infected oyster sections with acridine orange stain and ultraviolet illumination. When the infection was heavy, hemocytic cellular infiltration and cell necrosis of gill and mantle connective tissues were visible and extensive. Nuclei in infected connective tissues gradually became pycnotic (Fig. 2 ) , and the cytoplasm became disintegrated. Cell necrosis of gill and mantle epithelia was also seen. The proportions of infected oysters in the different sampling groups from the French Atlantic coast varied from 30 to 66.6% and are reported in Table 1 . Among the 235 oysters examined, 125 were found infected (prevalence 53.2 %).
No abnormality was detected in oysters originating from Brittany, Normandy or the Mediterranean Sea. (Fig. 3) .
Thin sections of ctenidia and mantle tissue samples from 13 infected Japanese oysters were observed by transmission electron microscopy. All contained different stages of a procaryotic organism in the cytoplasm of connective tissue cells. Reticulate bodies, intermediate condensing forms and elementary bodies were clearly distinguished. The earliest noted alteration of ctenidia and mantle connective tissue was the presence of individual intracytoplasmic vacuoles containing some elementary bodies, intermediate forms and reticulate bodies (Fig. 4) . As the developing intermediate bodies increased in size, they became less electron dense. These intermediate bodies became further enlarged, vacuolated and transformed into pleomorphic reticulate bodies. The reticulate bodies had a clear central area, containing fine filaments, and were peripherally filled with electron dense material (Fig. 5) . The shape of the reticulate bodies, although pleomorphic, tended to be irregularly round or oval, and they measured approximately 500 nm to 1.5 pm in diameter (Fig. 5) . Intermediate bodies were also pleomorphic with a size of approximately 300 to 500 nm (Figs. 6a, b) . Both types of body were double membrane bound or exhibited a pentalaminar structure (Figs. 5 & 6). The double membrane was best observed in samples directly fixed in glutaraldehyde (Fig. 5) . Mature elementary bodies were oval to fusiform in shape and ranged in size from 80 to 
Ultrastructure of infected oysters
Semithin sections of J apanese oysters revealed inclusion bodies staining deep blue in cells of ctenidia and mantle connective tissues. In addition, hypertrophied cells, up to 25 pm in size, with cytoplasmic inclusions or a granular cytoplasm were observed in affected areas (Fig. 3) .
Thin sections of ctenidia and mantle tissue samples from 13 infected Japanese oysters were observed by transmission electron microscopy. Ali contained different stages of a procaryotic organism in the cytoplasm of connective tissue cells. Reticulate bodies, intermediate condensing forms and elementary bodies were clearly distinguished. The earliest noted alteration of ctenidia and mantle connective tissue was the presence of individual intracytoplasmic vacuoles containing sorne elementary bodies, intermediate forms and reticulate bodies (Fig. 4) . As the developing intermediate bodies increased in size, they became less electron dense. These intermediate bodies became further enlarged, vacuolated and transformed into pleomorphic reticulate bodies. The reticulate bodies had a clear central area, containing fine filaments, and were peripherally filled with electron dense material (Fig. 5) . The shape of the reticulate bodies, although pleomorphic, tended to be irregularly round or oval, and they measured approximately 500 nm to 1.5 pm in diameter (Fig. 5) . Intermediate bodies were also pleomorphic with a size of approximately 300 to 500 nm (Figs. 6a, b) . Both types of body were double membrane bound or exhibited a pentalaminar structure (Figs. 5 & 6) . The double membrane was best observed in samples directly fixed in glutaraldehyde (Fig. 5) . Mature elementary bodies were oval to fusiform in shape and ranged in size from 80 to Fig. 3 (Fig. 2) , and the cytoplasm became disintegrated. Cell necrosis of gill and mantle epithelia was also seen.
The proportions of infected oysters in the different sampling groups from the French Atlantic coast varied from 30 to 66.6 % and are reported in Table 1 . Among the 235 oysters examined, 125 were found infected (prevalence 53.2%).
No abnormality was detected in oysters originating from Brittany, Normandy or the Mediterranean Sea. Dls aqua1 Org 23. [153] [154] [155] [156] [157] [158] [159] 1995 Figs. 4 to 9 Crassostrea glgas. Transmission electron micrographs ot g111 tlssues flxed dlrectly in glutaraldehyde or after preservation In (Fig. 7) . The central electron dense region was usually separated from the external membrane by an electron lucent space (Fig. 7) . Multiplication of the reticulate bodies took place within an expanding membranebound vacuole, or inclusion, an extension in which the parent elementary body was brought into the host cell. However, most of these reticulate bodies were in the nondividing stage and figures indicative of binary fission were rarely observed. An inclusion membrane was observed around oyster procaryotic organism inclusions, separating microorganisms from host cell components until disintegration during the late stages of infection (Fig. 8) . Vesicles containing microorganisms varied in size and development.
General vesiculation and eventual lysis of cellular organelles were observable. Mitochondria collected around inclusions and became swollen. Some nuclei were pycnotic (Fig. 9) . A consequence of this intense reaction was a drastic change of the normal gill architecture a t the affected areas. In addition, fusion of filaments was also observed.
Thin sections of ctenidia and mantle tissue samples of 8 uninfected Japanese oysters from the French Atlantic coast and 10 unin- (AD5A8, 1:1000) test on infected J a~a n e s e ovster connective tissues showing specific reactivity of chlamydia-like organisms
Indirect irnmunofluorescence and imrnunoperoxidase
Sections of 12 heavily infected oysters, originating from the French Atlantic coast, fixed in Carson's and Davidson's fixatives, were examined by indirect immunofluorescence and immunoperoxidase. With 2 anti-Chlamydia psittaci, strain ovjs monoclonal antibodies (AD5A8 and L C l B l l ) , diluted 1:1000 and 1.10 000, all the samples showed specific reactivity within the areas of glll and mantle lesions (Figs. 10 & 11) for both fixatives. Samples of the 12 fluorescent a n d peroxidase positive oysters were observed by transmission electron microscopy. Intracellular procaryotic agents were observed in ctenidia and mantle connective tissues in all examined oysters.
For the other anti-Chlamydia psittaci monoclonal antibodies and sheep anti-chlamydial serum, no reactivity was found in ctenidia or mantle of the same heavily infected oysters.
Sections of 8 uninfected Japanese oysters originating from the French Atlantic coast, 10 uninfected animals from Brittany, Normandy and Mediterranean and 20 European flat oysters Ostrea edulis were always negative. No reactivity was observed with anti-Bonamia ostreae monoclonal antibodies on sections of the 12 heavily infected oysters.
Positive controls of cell cultures infected with Chlamydia psittaci, strain ovis always exhibited strong reactivity.
DISCUSSION
Since the first reports of Harshbarger e t al. (1977) and , chlamydia-like procaryotes have been described in various bivalves (see Grizel 1987 for reviews) .
The presence of reticulate, intermediate and elementary bodies in the ctenidia a n d mantle connective tissues of the Japanese oyster Crassostrea gigas indicates that the procaryotic agent is more similar to chlamydiales than rickettsiales, which possess a single Renault & Cochennec: Chlamydla-ltke organisms ln Crassostrea glgas 157 160 nm (Fig. 7) . The central electron dense region was usually separated from the external membrane by an electron lucent space (Fig. 7) .
Multiplication of the reticulate bodies took place within an expanding membranebound vacuole, or inclusion, an extension in which the parent elementary body was brought into the host cell However, most of these reticulate bodies were in the nondividing stage and figures indicative of binary fission were rarely observed. An inclusion membrane was observed around oyster procaryotic organism inclusions, separating microorganisms from host cell components until disintegration during the late stages of infection (Fig. 8) . Vesicles containing microorganisms varied in size and development.
General vesiculation and eventual lysis of cellular organelles were observable. Mitochondria collected around inclusions and became swollen. Sorne nuclei were pycnotic (Fig. 9) . A consequence of this intense reaction was a drastic change of the normal gill architecture at the affected areas. In addition, fusion of filaments was also observed.
Thin sections of ctenidia and mantle tissue samples of 8 uninfected Japanese oysters from the French Atlantic coast and 10 uninfected oysters originating from Brittany, Normandy and the Mediterranean Sea did not reveal the presence of the microorganism. Sections of 12 heavily infected oysters, originating from the French Atlantic coast, fixed in Carson's and Davidson's fixatives, were examined by indirect immunofluorescence and immunoperoxidase. With 2 anti-Chlamydia psittaci, strain avis monoclonal antibodies (AD5A8 and LC1B11). diluted 1.1000 and 1.10000, ail the samples showed speClfic reactivity within the areas of gill and mantle lesions (Figs. 10 & 11) for both fixatives. SampIes of the 12 fluorescent and peroxidase positive oysters were 0 bserved by transmission electron microscopy. Intracellular procaryotic agents were observed in ctenidia and mantle connective tissues in ail examined oysters.
Sections of 8 uninfected Japanese oysters originating from the French Atlantic coast, 10 uninfected animaIs from Brittany, Normandy and Mediterranean and 20 European flat oysters Ostrea edulis were always negative. No reactivity was observed with anti-Bonamia ostreae monoclonal antibodies on sections of the 12 heavily infected oysters.
Positive controls of cell cultures infected with Chlamydia psittaci, strain avis always exhibited strong reactivity DISCUSSION Since the first reports of and , chlamydia-like procaryotes have been described in various bivalves (see Elston & Peacock 1984 and Grizel 1987 for reviews).
The presence of reticulate, intermediate and elementary bodies in the ctenidia and mantle connective tissues of the Japanese oyster Crassostrea gigas indicates that the procaryotic agent is more similar to chlamydia les than rickettsiales, which possess a single form throughout their life cycle. The different stages of this procaryotic organism appear enclosed within vesicles: the presence of a membrane separating microorganisms from host cell components until disintegration during late stages of infection is compatible with the description for other chlamydial infections , Ladany & Sarov 1985 .
The morphology of the elementary bodies is oval to fusiform as described in other bivalves , Carajaville & Angulo 1991 . The intermediate condensing forms have similarities with other intermediate bodies reported in mussels . These chlamydial bodies become further enlarged, vacuolated and transformed into pleomorphic reticulate bodies as described for chlamydia , Mitsui et al. 1962 ). Because of the developmental cycle of the microorganism which we have described here, we have identified this procaryotic agent as a chlamydia-like organism.
The presence of DNA has been reported in different stages of micoorganisms belonging to the genus Chlamydia ). Thus the Feulgen reaction could be useful for distinguishing the chlamydia-like organism inclusions in infected oysters. Moreover, detection of RNA is possible in the different forms of C. psittaci and C, trachomatjs, particu1,arly in reticulate bodies . In this case, the acridine orange stain could be a good method for detection of these microorganisms. However, in our study, this technique did not give good results because of the pH of fixatives.
Our study involved formalin-fixed oyster tissue, and the monoclonal antibodies w e selected were reactive to the vertebrate pathogen, Chlamydia psittaci, strain ovis. Nevertheless, 2 of these monoclonal antibodies that were specific to lipopolysaccharide antigens (LPS) were cross-reactive with our microorganism. Our method, in which fixed tissues and not frozen sections were used, has been d.escribed earlier . If indirect immunofluorescence is carried out with monoclonal antibodies specific to LPS, using Evans blue and powdered milk, high-quality results are obtained. This technique is easily performed; moreover, it can be used to detect microorganisms in old formalin-fixed samples . A specific reactivity with 1:1000 and 1: 10000 dilutions of the 2 monoclonal antibodies was easily observable, which suggests that our chlamydialike agent might share antigens with C. psittaci, strain ovis, although our microorganism has a greater number of specific characters than the vertebrate chlamydial agents. The lack of reactivity for sheep anti-chlamydial serum and the other 3 monoclonal antibodies could have been due to the destruction of chlamydia-like organism antigens in fixed tissues or to a lack of cross-reactivity, In contrast to rickettsia-like organisms, which appear in digestive, renal, or branchial epithelium and in connective tissues of bivalves , Elston 1986 , Villalba et al. 1993 ), chlamydia-like organisms have been reported only in digestive tissues of bivalves. Thus, our report is the first ultrastructural description of a chlamydia-like organism affecting ctenidia and mantle connective tissues of bivalve molluscs.
Heavy host reactions such as lysis of affecting cells , subsequent disappearance of the normal architecture of oysters gill and mantle tissues and hemocyte infiltration of infected areas were observed in the present study. Similarly, ultrastructural alterations were visible in affected ctenidia and mantle cells. Ultrastructural changes were related to the presence of the chlamydia-like organisms in Japanese oyster ctenidia and mantle tissues. General vesiculation and lysis of cellular organelles or swollen mitochondna were apparent. These ultrastructural modifications were best observed in apparent late stages of infection and were compatible with these described for other chlamydial infections . Thus, the chlamydia-like organisms descr~bed in this study induce gill and mantle lesions. Although these results are compatible with those described for vertebrate chlamydial infections , in other bivalves infected with chlamydia or rickettsialike organisms, lack of response has often been reported , Elston 1986 . Lesion intensity and high prevalence of this chlamydia-like organism in oysters from the south French Atlantic coast, associated with occasional mortalities, indicate that this procaryotic agent represents a potential pathogen for the species Crassostrea gigas.
However, study of experimental ~nfection is needed to demonstrate the pathogenicity of this chlamydialike agent. Isolation and purification of this procaryotic agent could also more accurately establish the precise taxonomic status of the microorganism. form throughout their Iife cycle. The different stages of this procaryotic organism appear enclosed within vesicles: the presence of a membrane separating microorganisms from host cell components until disintegration during late stages of infection is compatible with the description for other chlamydial infections , Ladany & Sarav 1985 .
The presence of DNA has been reported in different stages of micoorganisms belonging to the genus Chlamydia ). Thus the Feulgen reaction could be useful for distinguishing the chlamydia-like organism inclusions in infected oysters. Moreover, detection of RNA is possible in the different forms of C. psittaci and C. trachamatis, particularly in reticulate bodies . In this case, the acridine orange stain could be a good method for detection of these microorganisms. However, in our study, this technique did not give good results because of the pH of fixatives.
Our study involved formalin-fixed oyster tissue, and the monoclonal antibodies we selected were reactive to the vertebrate pathogen, Chlamydia psittaci, strain avis. Nevertheless, 2 of these monoclonal antibodies that were specifie to lipopolysaccharide antigens (LPS) were cross-reactive with our microorganism. Our method, in which fixed tissues and not frozen sections were used, has been described earlier . If indirect immunofluorescence is carried out with monoclonal antibodies specific to LPS, using Evans blue and powdered milk, high-quality results are obtained. This technique is easily performed; moreover, it can be used to detect microorganisms in old formalin-fixed samples . A specific reactivity with 1: 1000 and 1: 10000 dilutions of the 2 monoclonal antibodies was easily observable, which suggests that our chlamydialike agent might share antigens with C. psittaci, strain avis, although our microorganism has a greater number of specific characters than the vertebrate chlamydial agents. The lack of reactivity for sheep anti-chlamydial serum and the other 3 monoclonal antibodies could have been due to the destruction of chlamydia-like organism antigens in fixed tissues or to a lack of cross-reactivity.
In contrast to rickettsia-like organisms, which appear in digestive, renal, or branchial epithelium and in connective tissues of bivalves , Eiston & Peacock 1984 , Eiston 1986 , Villalba et al. 1993 ), chlamydia-like organisms have been reported only in digestive tissues of bivalves. Thus, our report is the first ultrastructural description of a chlamydia-like organism affecting ctenidia and mantle connective tissues of bivalve molluscs.
Heavy host reactions such as Iysis of affecting cells , Eiston & Peacock 1984 , subsequent disappearance of the normal architecture of oysters gill and mantle tissues and hemocyte infiltration of infected areas were observed in the present study. Similarly, ultrastructural alterations were visible in affected ctenidia and mantle cells. Ultrastructural changes were related to the presence of the chlamydia-like organisms in Japanese oyster ctenidia and mantle tissues. General vesiculation and Iysis of cellular organelles or swollen mitochondria were apparent. These ultrastructural modifications were best observed in apparent late stages of infection and were compatible with these described for other chlamydial infections . Thus, the chlamydia-like organisms described in this study induce gill and mantle lesions. Although these results are compatible with those described for vertebrate chlamydial infections , in other bivalves infected with chlamydia or rickettsialike organisms, lack of response has often been reported , Eiston 1986 . Lesion intensity and high prevalence of this chlamydia-like organism in oysters from the south French Atlantic coast, associated with occasional mortalities, indicate that this procaryotic agent represents a potential pathogen for the species Crassastrea gigas.
However, study of experimental infection is needed to demonstrate the pathogenicity of this chlamydialike agent. Isolation and purification of this procaryotic agent could also more accurately establish the precise taxonomic status of the microorganism.
